We evaluated the usefulness of the combination of European System for Cardiac Operative Risk Evaluation score (EuroSCORE II) and SYNergy between percutaneous intervention with TAXus drug-eluting stents and cardiac surgery (SYNTAX) score in predicting risks associated with early and late outcomes after coronary artery bypass grafting (CABG).
INTRODUCTION
Risk-stratification models have recently been developed to assess postprocedure mortality and morbidity in patients undergoing coronary artery revascularization. The European System for Cardiac Operative Risk Evaluation (EuroSCORE), one such tool used for patients undergoing cardiac surgery [1] , evaluates the risk of postoperative mortality by integrating several clinical and procedural factors. It has gained wide popularity because of its simplicity, and is used not only for cardiac surgery but also for percutaneous coronary intervention (PCI) [2, 3] . Because it has been suggested that EuroSCORE often overestimates postoperative mortality [4, 5] , the EuroSCORE II was created to achieve better calibration than the original [6] . However, EuroSCORE II still contains no information regarding anatomy or extent of coronary artery disease, and few studies provide data regarding a relationship between EuroSCORE II and late outcomes after coronary artery bypass grafting (CABG) [7] .
Since the use of the SYNergy between percutaneous intervention with TAXus drug-eluting stents and cardiac surgery (SYNTAX) score in the SYNTAX trial [8] , it has been used mainly for preprocedural evaluation in patients undergoing PCI [9] . The SYNTAX score is used to evaluate coronary artery complexity and is well correlated with early and long-term outcomes after PCI [10] ; however, the relationship between SYNTAX score and outcomes after CABG is still debated [11] [12] [13] [14] .
EuroSCORE II and SYNTAX score have been investigated separately in previous studies. In the present study, we assessed the ability of the combination of EuroSCORE II and SYNTAX score to predict risks associated with early and long-term outcomes after isolated CABG.
Mean and median EuroSCORE II were 2.9 ± 4.6 and 1.41 (range 0.49-47.5), respectively. Based on the median EuroSCORE II of 1.41, patients were divided into low-(<1.41) and high-EuroSCORE II (≥1.41) groups (Supplementary Table S1 ). Mean and median SYNTAX scores were 34.8 ± 11.9 and 33 (range 11-81), respectively. Patients were also divided into two groups based on the median SYNTAX score of 33: low-(<33) and high-SYNTAX score (≥33) groups (Supplementary Table S2 ). Patients were ultimately stratified into four groups according to the EuroSCORE II and SYNTAX score, as shown in Fig. 1 .
Our Institutional Review Board approved this retrospective study and waived the need for written consent. The follow-up involved direct communication with the patient, the patient's family or the attending physician, or a combination of these.
Operative method
Our strategy for isolated CABG was directed at achieving complete myocardial revascularization with an off-pump technique whenever feasible [15] . The choice of off-pump technique was not influenced by a procedure's emergency status. Our intraoperative management to prevent haemodynamic derangement was as follows. Patients were placed in the Trendelenburg position. The right pleura was widely opened to avoid right heart compression and obstruction of venous return. Deep pericardial stay sutures were not used, and commercially available heart positioner and stabilizer were applied in all cases. We bypassed all significantly diseased coronary vessels (≥50% diameter reduction) that were >1 mm in diameter. If necessary, concomitant extensive reconstruction (length ≥4.0 cm) with or without endarterectomy was performed in patients with a diffusely diseased left anterior descending artery [16] . Cardiopulmonary bypass with or without cardiac arrest was used in patients who were not suitable for off-pump technique, including patients with severely impaired left ventricular function or intramyocardial coronary arteries. Postoperatively, intravenous heparin was administered for several days to maintain a target activated clotting time of 160-180 s, and low-dose aspirin was routinely prescribed to all patients, to be continued indefinitely. Ticlopidine was additionally started on postoperative day 1 in patients undergoing extensive reconstruction without endarterectomy. Warfarin (maintained with a target international normalized ratio of 2.0) was administered for 3 months, in addition to low-dose aspirin, to patients with saphenous vein grafts and those with endarterectomy. Ticlopidine and warfarin were discontinued 3 months after surgery.
Two surgeons performed all operations in the present study. There was no significant difference in the distribution of Group 4 patients between the two surgeons.
Definitions
Non-elective operations included both emergent and urgent cases as defined by the Society of Thoracic Surgeons (STS) database. We employed the following definitions: operative death, death occurring during the same hospitalization or after discharge but within 30 days after surgery; low-output syndrome, the postoperative need for intra-aortic balloon pumping, any dose of adrenaline or >5 µg/kg/min of dopamine or dobutamine; perioperative myocardial infarction, new Q waves on electrocardiography or a peak creatine kinase MB level ≥5 times the upper limit of normal; respiratory failure, requirement for prolonged ventilation (>48 h) or the occurrence of pneumonia; and postoperative stroke, new neurological deficit confirmed with computed tomography. In patients with preoperative stroke, postoperative stroke was defined as a worsening of neurological deficit with new radiological findings. A combination of major complications included low-output syndrome, respiratory failure, stroke and new requirement of haemodialysis. The follow-up analysis examined all-cause death and major adverse cardiac and cerebrovascular events (MACCE). MACCE was defined as death from any cause, stroke, myocardial infarction or repeat revascularization.
Statistical analysis
Statistical analyses were performed using the StatView 5.0 software package (SAS Institute, Inc., Cary, NC, USA). Continuous variables are reported as mean ± standard deviation. Continuous variables were compared among groups using one-way analysis of variance, followed by Bonferroni's post hoc test to determine significant differences in the various pairwise comparisons. Discrete variables were compared using the χ 2 test. Differences were considered significant at P < 0.05. Univariate and multivariate logistic regression analysis was performed to determine the significant predictors of postoperative major complications. Actuarial survival curves were estimated using the Kaplan-Meier method. The log-rank test was used to assess differences in survival between groups. Univariate and multivariate Cox regression analysis was performed to identify significant predictors of late mortality and MACCE. The variables used for univariate analysis were the clinical variables listed in Table 1 . However, variables included in EuroSCORE II were excluded. Variables with P < 0.1 in univariate analyses were included in the multivariate model.
RESULTS

Preoperative characteristics and intraoperative and early postoperative outcomes
Preoperative characteristics of the four groups are given in Table 1 . Patients in Group 4 were the oldest (63.9 ± 10.4 in Group 1, 67.2 ± 8.6 in Group 2, 70.4 ± 9.8 in Group 3 and 73.4 ± 7.8 in Group 4; P < 0.0001) and had the lowest ejection fraction (57.6 ± 8.9% in Group 1, 57.2 ± 9.0% in Group 2, 52.3 ± 12.7% in Group 3 and 50.1 ± 13.6% in Group 4; P < 0.0001) among the groups. Mean EuroSCORE II was higher in patients with a high-SYNTAX score than in those with a low SYNTAX score (3.5 ± 5.8 vs 2.3 ± 2.7; P = 0.0055; Table 2 ), and highest in Group 4 (0.9 ± 0.3 in Group 1, 1.0 ± 0.2 in Group 2, 3.7 ± 3.3 in Group 3 and 6.0 ± 7.4 in Group 4; P < 0.0001). However, SYNTAX score was not different between patients with high versus low EuroSCORE II (35.3 ± 12.4 vs 34.3 ± 11.5; P = 0.4189; Intraoperative and postoperative data for the four groups are listed in Table 4 . The mean number of anastomoses per patient was significantly higher in patients with high, rather than low, SYNTAX score (4.6 ± 1.1 vs 4.0 ± 1.2; P < 0.001). Non-elective operations were most frequently observed in Group 4 (7 [6.8%] in Group 4; P < 0.0001). Duration of operation was significantly longer for patients with high, rather than low, SYNTAX score (293 ± 66 min vs 274 ± 66 min; P = 0.003). Among the four groups, postoperative intubation time was the longest in Group 4 (280 ± 68 min in Group 1, 302 ± 62 min in Group 2, 268 ± 63 min in Group 3 and 284 ± 69 in Group 4; P = 0.0027).
Operative death rates did not differ between the four groups (0 in Groups 1-3, and 1 (0.9%) in Group 4; P = 0.4141). The cause of 1 operative death in Group 4 was respiratory failure. The rate of major complications was higher in patients with high EuroSCORE II than in those with low EuroSCORE II (5.8 vs 1.5%; P = 0.032) and higher in patients with high, rather than low, SYNTAX score (5.7 vs 1.5%; P = 0.033). Of the 4 groups, Group 4 had the highest rate of major complications (0 in Group 1, 3 (2.9%) in Group 2, 3 (3.0%) in Group 3 and 9 (8.4%) in Group 4; P = 0.0112).
Multivariate logistic regression analysis revealed that both high EuroSCORE II (odds ratio [OR]: 4.154; P = 0.030; 95% confidence interval [CI]: 1.148-15.026) and high-SYNTAX score (OR: 3.988; P = 0.035; 95% CI: 1.102-14.434) were independent predictors of postoperative major complication.
Late outcomes
All patients were followed up for a mean of 25.8 ± 0.9 months postoperatively. During the follow-up period, 17 patients from all groups died (2 in Group 1, 2 in Group 2, 8 in Group 3 and 6 in Group 4). Actuarial survival rate at 3 years was 99.0 ± 1.0% in Group 1, 97.7 ± 1.6% in Group 2, 91.9 ± 2.7% in Group 3 and 90.5 ± 4.7% in Group 4 (P = 0.0445) (Fig. 2) . Multivariate Cox proportional hazards analysis revealed that high EuroSCORE II was an independent predictor of late mortality (OR: 4.673; P = 0.016; 95% CI: 1.340-16.129). High-SYNTAX score was not identified as an independent predictor of late mortality (OR: 0.808; P = 0.662; 95% CI: 0.312-2.096).
MACCE were observed in 46 patients (10 in Group 1, 15 in Group 2, 10 in Group 3 and 11 in Group 4). At 3 years, 90.1 ± 3.0 from Group 1, 84.1 ± 3.8% from Group 2, 89.9 ± 3.0% from Group 3 and 83.4 ± 5.8% from Group 4 were MACCE-free (P = 0.696) (Fig. 3) . Neither high EuroSCORE II (OR: 0.820; P = 0.503; 95% CI: 0.459-1.466) nor high-SYNTAX score (OR: 1.248; P = 0.455; 95% CI: 0.697-2.237) was an independent predictor of MACCE.
DISCUSSION
The present study demonstrates that high EuroSCORE II (≥1.41) and high-SYNTAX score (≥33) were independent predictors of early major complication after isolated CABG. Patients with both high EuroSCORE II and high-SYNTAX score had the highest early major complication rate. In the long term, EuroSCORE was still associated with late mortality, but not with MACCE. SYNTAX score was not associated with late outcomes.
EuroSCORE has been used worldwide because of its simplicity and ease of calculation of mortality risk after cardiac surgery. It has also been shown to be a valuable predictor of early and late outcomes after CABG [17] [18] [19] [20] [21] [22] . Nilsson et al. [18] compared the validity of both EuroSCORE and the STS risk-stratification algorithm (STSRSA) as predictors of risk after CABG. Hosmer-Lemeshow goodness-of-fit test showed both models had good accuracy in predicting early mortality (EuroSCORE, P = 0.81; STSRSA, 0.83). However, the authors' analysis revealed that discriminatory power was significantly greater for EuroSCORE than for STSRSA. Toumpoulis et al. [17] compared early and long-term outcomes among six and seven groups divided according to standard and logistic EuroSCORE, clearly demonstrating that the groups at higher risk for early mortality according to the EuroSCORE continued to be at higher risk for long-term mortality after CABG. Moreover, EuroSCORE was shown to be a useful predictor of early and long-term adverse outcomes for both on-pump [19] and off-pump CABG [20, 21] . However, some reports have demonstrated its overestimation of predicted mortality after CABG performed using modern techniques and technology due to relatively old (collected between September 1995 and December 1995) EuroSCORE data. EuroSCORE II has recently become available and proven to be better calibrated than the older version [6] .
However, few studies still report the use of EuroSCORE II as an early and late-risk calculator for CABG [7] . In the present study, EuroSCORE II was an independent predictor of early major complication and late mortality, but not for late MACCE. Because of the small number of operative deaths, we were not able to evaluate the correlation between EuroSCORE II and operative mortality. In patients undergoing PCI, SYNTAX score reliably predicts mortality and morbidity after the procedure [9] . In the 5-year results of the SYNTAX trial, in patients undergoing PCI, MACCE rate was higher in the group with a higher, rather than lower, SYNTAX score [23] . In a study by Serruys et al. [24] , SYNTAX score was shown to be an independent predictor of MACCE at the 5-year follow-up in patients undergoing placement of a drug-eluting stent. However, Lemesle et al. [13] found no relationship between SYNTAX score and adverse events after CABG. Mohr et al. [11] assessed the impact of SYNTAX score on late surgical outcomes by analysing the entire SYNTAX CABG population and found that SYNTAX score did not significantly reflect the 2-year overall MACCE rate of 15.6, 14.3 and 15.4% for low, medium and high-SYNTAX scores, respectively. However, Carnero-Alcázar et al. [12] reported that a higher SYNTAX score was associated with a higher incidence of in-hospital and follow-up MACCE rate after CABG. In their analysis of the discrepancy between their results and those of others, the authors mentioned that (i) the majority of their patients underwent off-pump CABG, and that because off-pump CABG is technically more demanding than on-pump CABG, more complex coronary diseases may affect outcomes more directly and strongly, and (ii) their study's mean SYNTAX score of 34.5 was notably higher than that of other studies, e.g. a mean of 29.1 in the SYNTAX trial. It has been reported that the severity and extent of atherosclerotic lesions are related to the prevalence of risk factors for negative outcomes [25] .
There may have been a higher prevalence of cardiovascular risk factors in other studies. In our study, early major complication rate was higher in patients with high, not low, SYNTAX score; however, the late MACCE rate was not related to SYNTAX score. Similar to the study by Carnero-Alcazar et al., the majority of our operations were performed off-pump, and the mean SYNTAX score was higher than that in other studies. For these reasons, the complication rate may have been higher in patients with high-SYNTAX scores. However, it is possible that the lack of relationship between SYNTAX score and late MACCE rate was the high prevalence of the use of bilateral internal thoracic artery grafts, which are known to have a long-term benefit of event-free survival in patients undergoing CABG.
In the present study, we used a combination of clinical (EuroSCORE II) and angiographic (SYNTAX) evaluations to evaluate postprocedural early and late outcomes after isolated CABG. We found that patients with high EuroSCORE II and SYNTAX score had the highest early major complication rate, suggesting that a combined scoring algorithm is necessary for heart teams to make decisions regarding revascularization strategy for each patient. The limitations of this clinical study are its small number of patients, its retrospective observational nature and its acquisition and presentation of data from a single institution.
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